INTRODUCTION {#sec1-1}
============

More than 350,000 workers lose their lives each year due to unintentional occupational injuries at global level. Occupational injury results from accidents at work place and more than half of this injury burden occurs among men working in the World Health Organization (WHO) South-East Asia and Western Pacific regions.\[[@ref1]\] Although the profile of at risk population has changed greatly over the past decade both qualitatively and quantitatively, the risk of occupational injury still centers on workers of various industries.\[[@ref2]\] This is because of urbanization and industrialization with labor oriented markets which depends on more automation and mechanization at workplace.\[[@ref3]\] Occupational hazards contribute to 2.3% of Disability Adjusted Life Year (DALY) lost among middle income countries and of these welding contributes a significant percentage especially in developing countries like India.\[[@ref1]\]

The International Standard Classification of Occupations (ISCO) defines welders and flame cutters as welding and cutting metal parts using gas flame, electric arc and other sources of heat to melt and cut, or to melt and fuse metal.\[[@ref4]\] Welders are employed in average numbers of 3 to 5 in private owned small-scale workshops. As they come under the non-organized sector, safety precautions are not strictly implemented. Some of the commonly seen injuries are eye injuries like arc eye or flash burns to cornea, photo keratosis, astigmatism, pingecula, cataract and retinal damage due to exposure to excessive light and ultra violet rays and foreign body injuries to cornea. Inhalation of metal fume causes metal fume fever and pneumonia due to exposure to noxious fumes of zinc, copper, cobalt, nickel, chromium, platinum and their oxides. Other injuries that include accidental cut injuries, amputations; occupational heat stress, thermal burns, electrocution are also common among welders.

In spite of the major public health problem existing among welders, very few studies have been conducted to assess the pattern of all types of injuries and its associated risk factors at global level.\[[@ref5][@ref6][@ref7]\] Studies of such nature will give information in developing appropriate prevention methods. There exists no published literature to give us an idea about the magnitude of the problem in this vulnerable group in India. With this background, the study aimed to assess the prevalence of work-related injuries and its associated factors among welders in coastal South India.

MATERIALS AND METHODS {#sec1-2}
=====================

Ethical statement {#sec2-1}
-----------------

This study was approved by the ethical committee of the medical institution in Puducherry, India. Subjects were ensured confidentiality and they were explained the purpose and ethical issues involved in the study. Written informed consent was obtained from each subject participating in the study.

Study design and setting {#sec2-2}
------------------------

This cross sectional study was conducted among welders in Puducherry, a coastal city in South India. A total of 778 registered metal industries in Puducherry district are spread over 7 commune regions and for the study purpose Puducherry commune region which has got 174 registered metal industries was selected. This region was selected based on feasibility constraints and it will not affect the study outcome because of the comparable socio-demographic and other parameters in these areas. From this area metal industries were selected randomly by using the register number and all the workers in that metal industry were included for our study until our study sample was met.

Sample size estimation {#sec2-3}
----------------------

Sample size was estimated by using the formula 4pq/d^2^, where prevalence 'p' was taken as 19% based on previous study\[[@ref8]\] and required relative precision of estimate at 30% level. By using the formula, minimum sample size became 190. Considering a non-response error of 10%, final total sample size became 209. All the workers in the randomly selected metal industry with more than 1 year experience were included in the study. If the selected subject does not give consent or could not be able to meet even after two visits, then they are considered as non-respondents.

Data collection procedures {#sec2-4}
--------------------------

The data was collected by administering a pre designed questionnaire by the investigators based on the lines of guidelines of International Labor Organization.\[[@ref9]\] The questionnaire was translated to Tamil language and back translated to English language by independent experts to retain the reliability of the instrument. It was pretested and necessary modifications were made according to field conditions.

The subjects were interviewed in person by the investigators at their work place according to pre scheduled time table. Baseline data was collected regarding socio-demographic variables that include age, education, marital status and monthly income. Data regarding all types of injuries related to occupation during the past 1 year at work place that include mechanical injuries, arc eye injuries, foreign body in the eye, retinal damage, burns, electrical injury and occupational diseases or hazards like back ache or waist pain, hearing impairment, pingecula, pterygium, metal fume fever and pneumonia were collected based on history and or previous diagnosis by registered medical practitioner.

We have considered the presence of any type of occupational injuries to look for possible association of various factors with it that include age, training before induction, experience, job duration, tobacco chewing, alcohol use, awareness and use of protective measures were assessed. Current tobacco users were those who use any form of tobacco product at least once daily and alcohol user was defined as a person who consumed any amount of alcohol at least once in a week.\[[@ref10]\]

Statistical analysis {#sec2-5}
--------------------

The collected data was entered in Statistical Package for Social Sciences (SPSS) version 16 for windows. Data was analyzed and expressed in terms of proportion and percentages. Univariate and multivariate analyses were done to find out the possible association between number of injuries and associated factors. A *P* \< 0.05 is considered as significant.

RESULTS {#sec1-3}
=======

All 209 welders participated in the study and they were all males. Majority of them were aged 20 to 40 years (160, 76.6%), educated below 10^th^ standard (181, 86.6%) and their per capita income was below 3000 rupees (178, 85.2%). Mean number of injury was found to be 10.74 (SD = 5.74) in the preceding year. All of them had abrasions and more than --- of them had lacerations, foreign body in the eye, flash burns and contusions. Majority of them had more than 2 injuries (97.1%, 203) and 44% (92) of them had more than 10 injuries. No one reported pneumonia, retinal damage and amputation. About 66.5% (139) had occupational diseases or hazards like waist or back pain and 27.8% (58) had hearing impairment \[[Table 1](#T1){ref-type="table"}\].

###### 

Type of occupational injuries and diseases among the welders

![](IJOEM-18-135-g001)

The majority of them had more than 5 years experience (175, 83.7%) and were working less than 8 hours each day (156, 74.6%), but only 1/5 of them had institutional training (40,19.1%). About one quarter of them were using tobacco (57, 27.3%) and about half of them were using alcohol (114, 54.5%). Prevalence was comparatively higher among less than 30 years age group (48.9%) and in the group with education between 1^st^ and 7^th^ grade (53.2%) \[[Table 2](#T2){ref-type="table"}\].

###### 

Pattern of injury according to socio-demographic characteristics

![](IJOEM-18-135-g002)

Prevalence was found to be comparatively higher among those who did not have institutional training and use alcohol; and both the above factors were found to be significantly associated with more than 10 injuries in univariate analysis \[[Table 3](#T3){ref-type="table"}\]. Multiple logistic regression analysis showed that age less than 30 years (OR = 5.19), tobacco use (OR = 2.56), alcohol use (OR = 3.96) and institutional training (OR = 0.10) were independently associated with more than 10 injuries \[[Table 4](#T4){ref-type="table"}\].

###### 

Pattern of injury according to associated risk factors: Univariate analysis
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###### 

Correlates of injuries among welders: Multiple logistic regression analysis
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DISCUSSION {#sec1-4}
==========

Well-documented studies to determine the epidemiology of injuries among welders at work place are very few at global level. But there are some other studies done among workers of other industries in India.\[[@ref11][@ref12]\] The fact that majority of them had more than 2 injuries and proportion of those with more than 10 injuries is 44% in the previous year is a matter of concern. A recent study in a metal smelting industry in India reported that incidence rate of injuries varied from 40.7 to 85.8 per thousand exposed workers.\[[@ref13]\] Adopting health promotional measures at workplace is an important measure to prevent injuries.\[[@ref14]\] Our study gives valuable information regarding the burden and associated risk factors of injury among welders in this part of the country, which can be used by the concerned authorities to develop appropriate interventional measures.

A recent study from Nigeria showed that 85.3% of the welders had at least one injury in the preceding year.\[[@ref6]\] Another study found that 105 injuries were reported by 61 welders out of 208 welders in the past 6 months.\[[@ref5]\] A study done in Pakistan showed that 18.7% welders reported an injury in the past 3 months, while 30.3% welders reported sustaining an injury in the past twelve months.\[[@ref8]\] The difference in injuries reported in various countries may be due to the difference in methodology adopted, socio-cultural and regulatory factors adopted by concerned states. The most common injuries sustained in our study were abrasions, lacerations, contusions and eye injuries which are comparatively more than other studies. Also, around half of them had afflicted with each condition of waist/back pain, burns and metal fume fever. Back pain was found to be commonly associated with welders.\[[@ref15]\] This is in spite of the fact that majority of them were working for less than 8 hours a day and were aware regarding this hazard. Our study highlighted the fact that predictors of injury includes age less than 30 years, alcohol use, tobacco use and lack of institutional training. A recent study showed that injury is more common among younger age group and those without training.\[[@ref11]\] In view of the above finding, it is suggested that adopting the sustainable behavioral change practices for the prevention of injuries through training and adoption of personal protective measures is an important step to be considered.

Nearly half of the subjects belonged to age group of less than 30 years (43%, 90). They are five times higher at risk of developing more than 10 injuries as compared to the above 50 years age group. This may be probably due to less working efficiency in younger age group. Also, majority of them did not had institutional training. Other studies also found similar findings.\[[@ref6][@ref7]\] Injuries were noted only in males in this study because only males were employed and this is likely to be due to the fact that welding employs males commonly in this region. All the study participants were literate in contrast to Nigerian study which reported 7.6% illiterates.\[[@ref6]\] Although literacy will help in understanding of basic safety measures, here we did not find any association. This may be because of lack of awareness to safety measures (36%, 75) and utilization of all relevant safety measures during working hours. Besides, majority (80.9%) of welders received their training through apprenticeship training.

One of the important injuries among welders in our study is the flash injury called the arc eye. This causes a red eye with feeling of sands in the eye due to inflammation. Eye injuries occur most frequently in metal-work industries and cold particles, most often metal are the most common source of injury.\[[@ref16]\] A study done in the USA found that eye injuries accounted for 25% of all claims for welders. Subjects were mainly males (97.1%) and from manufacturing (70.4%), service (11.8%), or construction (8.4%)-related industries. Most injuries reported in another study were foreign body in the eye (71.7%) or burns (22.2%) which were comparatively lesser than our study.\[[@ref17]\] The commonest ocular injury was metallic foreign body followed by photo keratitis and conjunctivitis in this study and three fourth (76.5%) of them were aged below 40 years; and these results are comparable to another study.\[[@ref18]\] About one fourth of subjects had hearing impairment in this study, while it was 7% in another study.\[[@ref6]\]

Limitations {#sec2-6}
-----------

The cross sectional study nature and recall bias are the limitations of the study. Because of feasibility constraints, we could not include the welders working outside the Puducherry city area. We could not analyze the quantification of certain factors like alcohol and tobacco use. Longitudinal studies will be required to look further into the role of associated factors of injury among welders.

CONCLUSION {#sec1-5}
==========

Injury among welders is an important public health problem in this area, in the context of high prevalence rate and larger involvement of at risk worker population in welding metal industries. Strategies for reducing the tobacco and alcohol use and strengthening of institutional training especially for younger age groups may help in decreasing the burden of injuries in this vulnerable group.
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